Introduction
Cardiopulmonary resuscitation (CPR) is vital for the survival of people who has suffered a cardiac arrest. 1 To increase the chances of survival, quality chest compressions and rescue breaths are necessary. However, different investigations reported that the quality of CPR was poor. 2, 3 This could be because the training received by rescuers was inadequate. Normally, teaching CPR is based on an instructor-led group course. Theoretical content is taught, videos are shown and hands-on practice is in large groups with feedback from the observational skills of the instructor. 4 Technological advances allowed the creation of different feedback devices that report quality of resuscitation in real-time. The variety of these devices has managed to implement them in different areas. Research, 5 intervention in real-time 6 and teaching and training of CPR 7 have benefited from the advantages of using feedback mechanisms.
Our hypothesis was that the use of visual feedback mechanisms in real-time in teaching basic life support (BLS) is beneficial for performing a quality CPR. Therefore, the aim of this study was to compare the performance of BLS learner with the use of feedback devices in teaching CPR to those without the use of feedback in teaching.
Methods
This study involved 99 people without knowledge in BLS divided into three groups (control -experimental 1 -experimental 2). The three groups performed a pretest and post-test of two minutes of CPR (30:2). The experimental groups were trained in BLS between the pre-test and post-test. The experimental group 1 (EG-1) without feedback and experimental group 2 (EG-2) with feedback.
Participants
The sample consisted of 99 students of sport sciences from the University School of Sport Sciences and Physical Education, and Agra do Orzán High School Institute. Both from A Coruña, Spain. The inclusion criterion was not having received training on BLS. Participation in the study was voluntary and disinterested. All participants signed an informed consent authorising their participation and assignment of the data collected for the study. They could withdraw at any moment of the investigation.
At first there were a total of 109 participants ( Figure  1 ). Two were excluded for not meeting inclusion criteria, eight for not attending the post-test. Participants in the two experimental groups were the students from two lifeguard courses (convenience sample).
Study design
The sample was divided into three groups: control group (n=31), experimental group 1 (n=38) and experimental group 2 (n=30). All groups had to perform a first test (T1) which consisted of two minutes of CPR (30:2). Each experimental group was enrolled in a different lifesaving course taught by the same teacher, a medical doctor experienced in basic and advanced life support. T1 was conducted in the first class of first aids. Protocol of compressions and rescue breaths was chosen because the most important treatment for the drowning victim is alleviation of hypoxaemia. Hands-only-CPR protocol is likely to be less effective. As no participant had previous training in BLS, for the realisation of T1, they were given the indications released by the American Heart Association and European Resuscitation Council (ERC): Push hard and fast with the heel of your hand in the centre of the chest with the other hand on top, between 100-120 com/min at least 5 cm of depth in the case of compressions. For the rescue breaths, they had read the text described in chapter two of ERC Guidelines for Resuscitation 2010, p. 1280. 8 After the pre-test, both experimental groups received training in BLS. The control group did not receive any training. After the training received by experimental groups, all participants had to perform a second test (T2). Same as T1, it consisted of two minutes of CPR (30:2).
CPR training
The two experimental groups were trained in BLS between T1 and T2. In both cases the groups consisted
CPR manikin
To practice EG-1 Laerdal Little Anne conventional manikins that did not report any kind of feedback were used. Laerdal Resusci ® Anne model with Skillguide ( Figure 2 ) was used for performing T1 and T2, and for the second part of the practice of EG-2. This model reports real-time feedback on the quality of the compressions and ventilations. The variables analysed were the depth (at least 5 cm) and the correct hand position (compressions), and air volume (rescue breaths). The compressions and ventilations were considered correct if no error was committed. During T1 and T2 participants did not receive any feedback, nor the instructor or the manikin.
Statistical analysis
Variables were described by measures of central tendency (mean) and dispersion (standard deviation).
of six participants and there was a manikin for each person. The model was used in previous researches:
9 a theoretical and a practical part. In the theoretical part, participants were taught to recognise cardiac arrest and the importance of quality CPR to victims who have suffered a cardiac arrest. Teacher's explanations and videos were included. The theoretical part was common to the two experimental groups and it lasted half an hour. The practice of CPR manoeuvres was different between the two groups. EG-1 was trained with conventional practice manikins. They only received feedback from the instructor and practice time was forty minutes. In the case of EG-2, half of the practice was performed with conventional manikins and indications of instructor. In the remaining twenty minutes, manikins used reported visual feedback on the quality of compressions and rescue breaths, and participants could see it at all times. 
Results
Ninety-nine subjects participated in the study (75 men and 24 women). The sample was divided into three groups: CG, EG-1 and EG-2 with 31, 38 and 30 subjects respectively. Data of the variables of the CPR analysed in T1 and T2 are shown in Table 1 and Figure 3 . The number of correct compression, depth of compressions, correct hands position and air volume were also analysed by minute ( Table 2) .
Correct compressions by depth (CC-D)
There are no statistically significant differences in CC-D among the three groups, either during T1 or during T2. In T1, participants in the control group performed higher number of CC-D than EG-1 and EG-2, but in T2, after training with and without feedback, experimental groups achieved better results. EG-2, as EG-1, performed a larger number of correct depth compressions during T2, unlike during T1: p=0.05 and p=0.04 respectively. The control group had similar results in the first and the second test (p=0.72). Although CC-D descends into the second minute, no significant differences were found in any of the three groups, or T1, or T2. 
Correct compressions by hand position
In T1 no differences among the three groups were found, obtaining very poor results. Almost 100% of compressions performed over two minutes were in the wrong place. This was maintained in T2 in the case of CG but not in the experimental groups. The experimental group that had conducted training with feedback increases the number of correct compressions by hand position (T1 vs. T2, p<0.001). This also happened in EG-1 (p<0.001).
After training (T2), comparing the experimental groups with each other and with the control group, differences were the following: (EG-1: 41±61; CG: 8±34, p=0.02), (EG-2: 101±41; CG: 8±34, p<0.001), (EG-1: 41±61; EG-2: 101±41, p<0.001). The data obtained in the post-test showed that the experimental groups outperformed the control group (Figure 3 ). Comparing EG-1 with EG-2 (both groups had corrections instructor), the one had the visual feedback device improved more. Comparing the first to the second minute of resuscitation, no differences were found in any of the three groups, in either test.
Total correct compressions
It was recorded as correct compression the one that was performed at an appropriate depth and with a correct hand position. In T1 there were no differences among the three groups. In T2, EG-2 carried out more correct compressions than EG-1 (p<0.001) and CG (p<0.001). While EG-1 had produced a greater number of correct compressions than CG during T2, the differences were not significant (p=0.32). After the intra-group analysis, the experimental groups performed better on T2 than on T1. EG-2 (p<0.001) and EG-1 (p=0.001).
The number of correct compressions was maintained throughout the two minutes of resuscitation. No significant differences in any of the three groups, in none of the two tests were found.
Tidal volume of rescue breaths
In the first test, no participant had managed to perform any ventilation properly. The same happened in T2 with CG. In contrast, the experimental groups improved after training. Table 1 showed the participants of EG-2, during T2, reaching an average of three correct rescue breaths during two-minute CPR, in contrast to the two rescue breaths of EG-1. This happened because there were some participants who failed to produce any ventilation properly, as opposed to others who have come to nine correct ventilations in case of EG-2, or seven in case of EG-1.
Discussion
Both acquisition and retention of resuscitation techniques have been shown to be poor after conventional training. 10 Our study showed that learning through the use of feedback devices was greater than the one with only instructor indications. The two experimental groups improved their records in the last test, but the experimental group that had training with the feedback manikin obtained better results in the depth of compressions, the position of the hands and the number of correct ventilations. It seemed that training with visual feedback in real-time would improve the quality of resuscitation, but also the retention of skills. 4 In our study, EG-2 combined the instructor's directions with visual feedback reported by the manikin, which was considered to be more effective than audio feedback in different investigations. 11, 12 However, this was not entirely confirmed yet. KardongEdgren et al showed that students who had been trained through auditory feedback manikin performed a higher quality CPR than those with instructor-led training. 13 On the other hand, Hedberg et al found that a group trained with a voice advisor manikin performed a worse CPR than the groups trained without feedback and with visual feedback. 12 What does seem to be necessary in learning is either the presence of an instructor or practice with feedback. BLS knowledge could be acquired through a self-learning program, but it is not so with the ability to achieve acceptable quality CPR. 14 The number of correct compressions by hand position in the pre-test was very low. The indications were given to participants were similar to those used by Handley in his study. 15 "Press with the heel of your hand in the centre of the chest of the victim". It seems that the sentence "in the centre of the chest" means that there are more chances that the site of compression is in the lower half of the sternum in front of the sentence "inter-nipple line". 16 But the risk of extra-sternal compression is also higher. 16 Our study involved people with no training in BLS, so that this population should be given more information to locate the exact spot of the compression, for example during dispatcherassisted cardiopulmonary resuscitation. This is important because the survival increases when the cardiac arrest is present and quality bystander CPR is performed. 17 After training, both experimental groups significantly increased the number of correct compressions by hand position, although the group with visual feedback was really much better. Therefore, the use of feedback mechanisms could be very helpful in maintaining the correct position of the hands during chest compressions.
As for the depth of compressions, improvement occurred in both experimental groups. The targeted instruction and use of feedback could have a positive influence on the depth. In the case of feedback devices, several studies had reported that the quality of chest compressions was improved, 3, 4, 6, 18, 19 although the quality of resuscitation may vary depending of feedback device used. 20 The quality of rescue breaths was very poor in all three groups with reference to pre-test and post-test. In the first test, no participant was able to perform at least one ventilation properly. In the second test, the two experimental groups, although statistically increased the number of correct rescue breaths, have only reached an average of three vents in two minutes. It is not surprising, since the management of the airway is really complicated, and training has lasted for approximately two hours. Currently, when the time of teaching was limited, it would recommend focusing on chest compressions. 21 We still found differences between the two experimental groups in the second test in favour of the training group with feedback. Kardong-Edgren et al also concluded that subjects after training with feedback performed more rescue breaths with an adequate volume, although they used audio feedback.
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Limitations
We checked the effect of the use of feedback on CPR learning, but there were variables that could not be analysed. Re-expansion of the chest and the compression rate were not included in the study because, with the manikin used, these data were not directly reported. Therefore, the findings should be taken with caution as re-expansion and compression rate are two key aspects to consider in the quality CPR. Moreover, differences between male and female were not analysed, the results were collected using manikins in a simulating situation, and conventional manikins were used by the instructor-led group. Differences between groups could be a little overestimated since the second experimental group has trained with the same manikin used in the tests.
Conclusions
The visual feedback and instruction-led training has positive effects on the correct hand position, depth and quality of the rescue breaths in cardiopulmonary resuscitation. The participants who form the experimental groups improve the quality of CPR regardless of the training. The visual feedback is better in total correct compressions, hand position and rescue breaths while the instructor-led training is only better in hand position and rescue breaths. In addition, visual feedback group achieves better results than instructorled training group in total correct compressions, hand position and rescue breaths. Therefore, we conclude that the visual feedback training is more effective than the instructor-led training in the variables analysed in this study.
